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Description 

TECHNICAL Flg» D 



BACKGROUND OF THE INVENTION 
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? 

an alkyj lithium. 

[0014] [ Another objective of this invention is to provide a process for preparing an 2-alkyl-2-adamantyl ester whereby 
the ester can be produced in a high yield by preventing the ester from polymerizing during esterification of a metal 
2-alkyl-i2-adamantyl alcoholate with an acid halide. 
5 , [0015] j For realizing the above objectives, this invention provides: 

[1 ] ^ process for preparing an 2-alkyl-2-adamantyl ester comprising the steps of combining a solution or suspension 
of 2!-adamantanone and an alkyl halide with lithium metal for reacting them to generate an lithium 2-alkyl-2-ada- 
majhtyl alcoholate, and then reacting the lithium 2-alkyl-2-adamantyl alcoholate with an acid halide; 

10 [2]ithe process for preparing an 2-alkyl-2-adamantyl ester as described in [1] wherein the reaction initiated by 

combining a solution or suspension of 2-adamantanone and an alkyl halide with lithium metal is conducted by 
adding the solution or suspension of 2-adamantanone and an alkyl halide to lithium metal; 
[3] ihe process for preparing an 2-a!kyl-2-adamanty! ester as described in [1 ] wherein 2 gram atom or less of lithium 
metal is used per 1 mole of 2-adamantanone in the reaction initiated by combining a solution or suspension of 

15 2-adamantanone and an alkyl halide with lithium metal; 

[4] the process for preparing an 2-alkyl-2-adamantyl ester as described in [1] wherein the reaction of the lithium 
2-alkyl-2-adamantyl alcoholate with the acid halide is conducted by adding a solution of the lithium 2-alkyl-2-ada- 
mantyl alcoholate to the acid halide; 

[5] the process for preparing an 2-alkyl-2-adamantyl ester as described in [1] wherein the alkyl halide comprises 
20 alkyl having 1 to 6 carbon atoms and the acid halide is a (meth)acryloy! halide; and 

[6] the process for preparing an 2-aIkyl-2-adamantyl ester as described in [5] wherein the alkyl is ethyl. 

[0016] In this invention, a solution or suspension of 2-adamantanone and an alkyl halide is reacted with lithium metal 
to prepare a solution of an lithium 2-alkyl-2-adamantyl alcoholate. The lithium 2-aIkyl-2-adamantyl alcoholate can be, 
25 therefore, prepared in a high yield and furthermore, the resulting alcoholate is reacted with an acid halide to give a 
desired product, an 2-alkyl-2-adamantyl ester in a high yield. 

[0017] The lithium 2-alkyl-2-adamantyl alcoholate can be prepared in a high yield when a solution or suspension of 
2-adamantanone and an alkyl halide is added to lithium metal. Furthermore, when the solution of the lithium 2-alkyl- 
2-adamantyl alcoholate thus prepared is added to an esterifying agent or its solution, the desired product, 2-alkyl- 
30 2-adamantyl (meth)acrylate, is prevented from polymerizing. As a result, an yield of the desired product is improved. 
Furthermore, a reduced amount of impurities in the desired product makes a purification process easier and thus the 
desired product can be obtained easier with a high purity. 

[0018] According to the preparation process of this invention, a desired product can be obtained in a higher yield 
than a process using a Grignard reagent. In addition, since the process does not use an alkyllithium which must be 
35 separately prepared and is unstable, an adamantyl ester can be easily prepared with a lower cost. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Preparation of a lithium 2-alkyl-2-adamantyl alcoholate 

40 

[0019] As described above, in the first step of the process according to this invention, a solution or suspension of 
2-adamantanone represented by formula (1) and an alkyl halide represented by formula (2): 

45 



50 




R n -X (2) 

55 

wherein R 1 represents alkyl having 1 to 6 carbon atoms and X represents halogen, is combined with lithium metal 
for initiating alkylation of 2-adamantanone to prepare a lithium 2-aikyl-2-adamantyl alcoholate represented by formula 
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(3): 



10 



20 



25 



45 



50 




wherein R 1 represents alky) having 1 to 6 carbon atoms. 
is [0020] One starting material, 2-adamantanone is commercially available as a reagent or industrial grade which mav 
be used as it is or after purification by, for example, recrystallization or sublimation V 
[0021] The other starting material, an alkyl halide (2), may be selected from, but not limited to alkyl bromides alkvl 

hav.ng 1 to 6 carbon atoms. Spec.fic examples include butyl chloride, pentyl chloride, hexyl chloride, methyl bromide 
ethyl bromide, butyl bromide, methyl iodide and ethyl iodide. oromrae, 
[0022] The amount of the alkyl halide is desirably 2-adamantanone : alkyl halide =1:1 to 1:1 .2 in a molar ratio taking 
a high conversion rate of 2-adamantanone into account. 9 

l Hnn?L n £!Z! Ven ! V^*™^ Whteh d ' SSO,VeS « disperses 2-adamantanone and the alkyl halide may be 
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the range " "* ^ * 5 ^ ^ H9ht ° f 8 Cmde ^ a " d a reaCtion rata - but notlmZto 

30 n°r^ 51 1 t0 ! al TT ° f ' ithiUm meta ' iS P referabl * but n °t Baited to, 1 .6 to 2.4 gram atom, particularly 1 8 to 2 2 
™ri P9 1 ™ le of ^amantanone in the light of an yield and avoiding excessive use of lithium metal. ' 
0026] When subsequently conducting the esterification reaction described below, it is preferable that lithium metal 

s S IflaZan^none m *" ^ Preferab ' y * 8 ™ m Ht0m " 1 8 10 2 0 Qram atom **< 1 ™' a 

[0027] There are no restrictions to a procedure of the reaction initiated by combining a solution or suspension fan 
SIT' m,X,Ure) ° f 2 : ada ™* a "<>ne and an alky, halide wrth lithium metal. Specially, in terms ot he order 
of addition the organic matenal mixture may be added to lithium metal or lithium metal may be added to the organs 

40 conttnuouTy * ° f 3 miXin9 th ~ ma,eria ' S may be miXed t09ether * a successively - 

Sah? hpH^"' "^^ P : 0Cedures ' addition of an ° r 9 a ™ material mixture to lithium metal is particularly pref- 
erable because it can prevent lithium metal from being inactivated, increase a reaction rate and prevent lithium metal 
from remam.ng at the end of the reaction. In the procedure, to lithium metal is added an organic material m*turt 

prr::^^ 

surface IsZT^T" T'" 9 mi ™ meta{ P ortionwise t0 an °**nto "^rial fixture, a time for activating a meta. 
surface is required after adding each aliquot of lithium metal. Thus, the overall reaction proceeds in a lower rate 

m^n^H r' n , 9 ° f addi " 9 the ° r9aniC ma,erial mixture to lithium metal - the wb °' a ^ount of lithium 
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bromide, it is desirable to add an organic material mixture to lithium metal while maintaining a reaction temperature to 
a level not only meeting the above conditions but also equal to or exceeding 20 °C, that is, 20 °C to a lower tempeature 
of a boiling point of the alkyl halide or a boiling point of the organic solvent used. Conducting such adjustment may 
prevent inactivation of lithium metal. During adding the organic material mixture is preferably added to lithium while 
s. stirring the solvent. 

[0034] A reaction time for the above alkylation may vary depending on factors such as the amount of lithium metal 
used and a cooling efficiency, but is preferably 0.5 to 10 hours after adding an organic material mixture. The reaction 
is desirably conducted in an inert atmosphere such as argon for preventing inactivation of lithium metal. 

10 Esterification 

[0035] In the process for preparing an 2-alkyl-2-adamantyl ester according to this invention, an 2-aikyl-2-adamantyl 
alcoholate prepared by the above alkylation is reacted with an acid halide to prepare the 2-alkyi-2-adamantyl ester. 
[0036] One starting material in the esterification, an 2-alkyl-2-adamantyl alcohol may be used as a lithium 2-alkyl- 
15 2-adamantyl alcoholate as prepared above without being isolated. Alternatively, a lithium 2-alkyl-2-adamantyl alcoho- 
late may be separated and if necessary purified before being used in a subsequent reaction. 

[0037] When separating the lithium 2-alkyl-2-adamantyl alcoholate from a reaction solution, the lithium 2-alkyl-2-ad- 
amantyl alcoholate itself may be not necessarily isolated. If possible, the above alcoholate may be separated from the 
remaining lithium metal while being dissolved in the solution. When the reaction solution after the above alkylation 
20 does not substantially contain lithium metal, the reaction solution may be used directly as a material for esterification. 
[0038] If the reaction solution is used as a material for esterification while containing lithium metal or an alkyllithium 
remains in a large amount, it may cause inactivation of an acid halide or polymerization of an 2-alkyladamantyl ester 
produced, leading to reduction in an yield of the desired 2-alkyladamantyl ester. 

[0039] An acid halide of the other starting material used in the esterification is not limited as long as it corresponds 
25 to the structure of a desired product. Halogens which can be shown include chlorine, bromine and iodine. Chlorine is 
preferable because it can readily prepare an acid halide. 

[0040] Examples of an acid halide which can be used in the esterification include acetyl chloride, acetyl bromide, 
acryloyl chloride, methacryloyl chloride, benzoyl chloride and 4-vinylbenzoyl chloride. 

[0041] Among these, an acryloyl or methacryloyl halide, particularly acryloyl or methacryloyl chloride, is preferable 
30 as a starting material for an alkyladamantyl ester which is very useful as a resist. 

[0042] In the esterification, the amount of a lithium 2-alkyl-2-adamantyl alcoholate and an acid halide is preferably 
0.9 to 2.0 moles of an acid halide per 1 mole of a lithium 2-alkyl-2-adamantyl alcoholate, more preferably 1 .0 to 1 .3 
moles because an yield may be improved. 

[0043] The above esterification may be initiated by contacting the lithium 2-alkyl-2-adamantyl alcoholate with the 
35 acid halide in a solvent. 

[0044] Any solvent may be used as long as it does not react with an alcoholate or an esterifying agent. Examples of 
such a solvent include ethers such as ethyl ether, tetrahydrofuran (THF) and dioxane; and hydrocarbons such as 
hexane, toluene and xylenes. 

[0045] A concentration of an lithium 2-alkyl-2-adamantyl alcoholate in the above solvent is preferably 0.01 to 10 mol/ 

40 L, more preferably 0.1 to 1 mol/L in the light of handling. 

[0046] There are no restrictions to a procedure of contacting a lithium 2-alkyl-2-adamantyl alcoholate with an acid 
halide in a solvent. They may be combined by adding a lithium 2-alkyl-2-adamantyl alcoholate (or its solution) and an 
acid halide (or its solution) simultaneously and separately to a solvent; by adding an acid halide (or its solution) to a 
solution of a lithium 2-alkyl-2-adamantyl alcoholate; or by adding a lithium 2-alkyl-2-adamantyl alcoholate (or its 

^5 solution ) to a solution of an acid halide. 

[0047] A particularly preferable procedure of contacting an lithium 2-alkyl-2-adamantyl alcoholate with an acid halide 
in a solvent is as follows. A solution of the lithium 2-alkyl-2-adamantyl alcoholate is added to the acid halide or its 
solution to initiate an esterification reaction by which an 2-alkyl -2-adamantyl (meth)acrylate is produced. 
[0048] The above contacting procedure can effectively prevent the 2-alkyl-2-adamantyl (meth)acrylate produced 

50 during the reaction from polymerizing due to the presence of the -OLi group in the lithium 2-alkyl-2-adamantyl alcoho- 
late, resulting in improvement in an yield of the desired product. Such an effect is particularly prominent when the acid 
halide is an acryloyl halide or methacryloyl halide. 

[0049] When adding a solution of the lithium 2-alkyl-2-adamantyl alcoholate to an acid halide or its solution, it may 
be preferable to continuously or intermittently add dropwise the solution of the lithium 2-alkyl-2-adamantyl alcoholate 
55 to the acid halide or its solution over a relatively longer period while maintaining a reaction temperature within the range 
described below. A dropping period may be, therefore, often about 1 to 48 hours although it depends on a production 
scale. 

[0050] Depending on a dropping period, a reaction time is preferably 0.5 to 10 hours after completion of addition. 
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[0051 ]i A reaction temperature in the esterification may not be particularly restricted, but is preferably -20 to 1 00 °C 
particularly preferably -20 to 50 °C in the light of balance between a reaction rate and prevention of polymerization. ' 
[0052]? The reaction is desirably conducted in an atmosphere of an inert gas such as nitrogen and argon forpreventing 
inactivfction of an acid halide or a lithium 2-alkyl-2-adamantyl alcoholate. 

[0053]j The reaction system may contain a polymerization inhibitor unreactive to a lithium alkoxide. Examples of such 
a polymerization inhibitor include those without a phenolic hydroxyl group such as phenothiazine. 
[0054] ] Esterification can be conducted as described above to obtain a desired alkyladamantyl ester by using corre- 
sponding to an alkyl halide and an acid halide used. For example, when using an aikyl halide comprising alkyl having 
1 to 6 carbon atoms as an alkyl halide and an acryloyl or methacryloyl halide as an acid halide, an alkyladamantyl 
(meth)^crylate represented by formula (4) can be obtained. 

t 




wherein R 1 represents alkyl having 1 to 6 carbon atoms; and R 2 represents hydrogen or methyl. 
[0055] A desired product may be obtained from a reaction solution after esterification, by removing a lithium halide 
as a byproduct by an appropriate procedure such as washing with water, removing a solvent, and then purifying it by 
a proper method such as column chromatography, distillation and recrystallization. 

EXAMPLES 



30 



35 



40 



[0056] This invention will be more specifically described with reference to, but not limited to, Examples. 
Example 1 



[0057] I n a 500 mL four-necked flask equipped with a stirring blade, a thermometer, a reflux condenser and a dropping 
funnel were placed 30 g of tetrahydrofuran and 2.7B g (0.4 mol) of lithium metal under a nitrogen atmosphere. To the 
solution was added dropwise a solution of 30 g (0.2 mol) of 2-adamantanone and 26.2 g (0.24 mol) of ethyl bromide 
in 90 g of tetrahydrofuran under a nitrogen atmosphere while controlling a reaction temperature at about 40 °C. After 
completion of addition, the mixture was heated to 45 °C and then the reaction was matured for 1 hour. 
[0058] After visually confirming that lithium metal had disappeared, 4.36 g (0.04 mol) of ethyl bromide was added 
Then, the mixture was stirred at 45 °C for additional 1 hour to prepare a solution of lithium 2-ethyl-2-adamantyl alco- 
holate. A conversion rate of 2-adamantanone was 98 % as determined by gas chromatography (GC). 
[0059] In a nitrogen-purged 500 mL four-necked flask equipped with a stirring blade, a thermometer and a reflux 
condenser were charged 22.0 g (0.21 mol) of methacryloyl chloride and 0.08 g (0.4 mmol) of phenothiazine as a 
polymerization inhibitor. To the mixture was added dropwise over 2 hours the solution of lithium 2-ethyl-2-adamantyl 
alcoholate prepared in the above process under a nitrogen atmosphere while maintaining a reaction temperature below 
10 °C. After completion of addition, the mixture was stirred below 10 °C for 4 hours for maturing the reaction. 
[0060] After maturing the reaction, to the mixture were added 1 0 g of methanol and 1 6 g of a 1 0 wt% aqueous solution 
of sodium hydroxide below 1 0 °C, and the mixture was stirred for 1 hour. The organic phase was separated and washed 
with a 1 0 wt% aqueous solution of sodium hydroxide. After evaporating the solvent in vacuo, to the residue was added 
150 g of methanol while stirring the solution, precipitation of solid was observed. After stirring at room temperature for 
50 further 3 hours, the mixture was filtered to give 0.09 g of a solid. In the process, filtration took about 1 minute. 

[0061] After evaporating the solvent in vacuo from the filtrate obtained, the residue was dissolved in 1 50 g of heptane. 
To the solution was added 1 0 g of activated charcoal, and the mixture was stirred. Then, the mixture was filtered through 
a pad of Celite for removing charcoal, and then heptane was evaporated in vacuo. The residue was recrystallized from 
25 g of isopropyl alcohol to give 24.6 g of 2-ethyl-2-adamantyl methacrylate (an isolation yield of 49.4 % from 2-ada- 
55 mantanone). The crystals were 99.0 % pure as determined by GC. 
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Example 2 

[0062] In a 500 mL four-necked flask equipped with a stirring blade, a thermometer a reflux condenser and a dropping 
funnel, 30 g (0.2 mol) of 2-adamantanone and 26.2 g (0.24 mol) of ethyl bromide were dissolved in 120 g of tetrahy- 
5, drofuran under a nitrogen atmosphere. To the solution was added 2.78 g of lithium metal (0.4 mol) as five portions 
(four portions of 0.5 g and the last portion of 0.78 g) under a nitrogen atmosphere while controlling a reaction temper- 
ature at about 40 °C. After completion of addition, the mixture was heated to 45 °C and then the reaction was matured 
for t hour. 

[0063] After visually confirming that lithium metal had disappeared, 4.36 g (0.04 mol) of ethyl bromide was added. 
10 Then, the mixture was stirred at 45 °C for additional 1 hour to prepare a solution of lithium 2-ethyl-2-adamantyl alco- 
holate. A conversion rate of 2-adamantanone was 93 % as determined by GC. 

[0064] After processing as described in Example 1 , to the residue obtained was added methanol to precipitate 0.09 
g of a solid. In the process, filtration took about 1 minute. 

[0065] Treatment with activated charcoal and recrystallization as described in Example 1 gave 22.8 g of 2-ethyl- 
is 2-adamantyl methacrylate (an isolation yield of 46.0 % from 2-adamantanone). The crystals were 99.2 % pure as 
determined by GC. 

Example 3 

20 [0066] As described in Example 1, a solution of lithium 2-ethyl-2-adamantyl alcoholate was prepared, in which a 
conversion rate of 2-adamantanone was 98 % as determined by GC. 

[0067] To the solution was added 0.08 g (0.4 mmol) of phenothiazine as a polymerization inhibitor. To the mixture 
was added dropwise over 2 hours 22.0 g (0.21 mol) of methacryloyl chloride under a nitrogen atmosphere while cooling 
to maintain a reaction temperature below 10 °C. After completion of addition, the reaction was stirred below 10 °C for 
25 4 hours to be matured. 

[0068] After maturing the reaction, to the reaction solution were added 1 0 g of methanol and 1 6 g of a 1 0 wt% aqueous 
solution of sodium hydroxide while maintaining a temperature below 1 0 °C, and the mixture was stirred for 1 hour. The 
organic phase was separated and washed with a 1 0 wt% aqueous solution of sodium hydroxide. After evaporating the 
solvent in vacuo, to the residue was added 150 g of methanol to precipitate a sticky oil which adhered to the stirring 

30 blade and the flask wall. After stirring at room temperature for further 3 hours, the reaction mixture was filtered to give 
an oil. The weight of the oil obtained by filtration was 4.4 g. The oil was so sticky that it took 30 min for filtration. 
[0069] After evaporating the solvent from the filtrate obtained in vacuo, the residue was dissolved in 150g of heptane. 
To the solution was added 1 0 g of activated charcoal, and the mixture was stirred. Then, the mixture was filtered through 
a pad of Celitefor removing charcoal, and then heptane was evaporated in vacuo. The residue was recrystallized f rom 

35 25 g of isopropyl alcohol to give 21 .7 g of 2-ethy!-2-adamantyl methacrylate (an isolation yield of 43.8 % from 2-ada- 
mantanone). The crystals were 99.1 % pure as determined by GC. 

Example 4 

40 [0070] In a 5000 mL four-necked flask equipped with a stirring blade, a thermometer, a reflux condenser and a 
dropping funnel, 23.3 g (3.33 gram atom, 1 .0 equivalent) of lithium metal was dispersed in 500 mL of tetrahydrofuran 
under a nitrogen atmosphere, and the dispersion was cooled to -1 0 °C. To the dispersion was added dropwise a solution 
which had been already prepared by dissolving of 250 g of 2-adamantanone (1 .67 mol) and 237 g of methyl iodide 
(1 .67 mol) in 2000 mL of tetrahydrofuran. 

45 [0071] During dropping, the system was adequately cooled to maintain a reaction temperature below 0 °C. After 
completion of addition, the reaction was matured at 0 °C for 3 hours. 

[0072] After visually confirming that lithium metal had disappeared, a solution of lithium 2-methyl-2-adamantyl alco- 
holate was thus prepared. A conversion rate of 2-adamantanone was 98 % as determined by gas chromatography (GC). 
[0073] In a 5000 mL four-necked flask equipped with a stirring blade, a thermometer and a reflux condenser were 
50 charged 500 mL of tetrahydrofuran and 1 70 g of methacryloyl chloride (1 .63 mol), and the mixture was cooled to 0 °C. 
Into the flask was added dropwise the above solution of lithium 2-methyl-2-adamantyl alcoholate while cooling to main- 
tain a reaction temperature below 1 0 °C. After completion of addition, the mixture was stirred at room temperature for 
3 hours to mature the reaction. 

[0074] After maturation, the reaction was stopped by adding 100 mL of a 0.1 wt% solution of sodium hydroxide in 
55 methanol, and to the mixture was added 2000 mL of hexane. The organic layer was separated, washed with a 5 wt% 
aqueous solution of sodium hydroxide and then a 20 wt% saline. To the mixture was added 0.2 g of phenothiazine as 
a polymerization inhibitor, and then the solvent was evaporated in vacuo. The residue was dissolved in 200 mL of 
chloroform. The resulting solution was added to 2000 mL of methanol. While stirring the solution, precipitation of a 
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solid was observed. After stirring at room temperature for 3 hours, the mixture was filtered to give 1 .0 g of a solid. 
[0075] After evaporating the solvent from the filtrate in vacuo, the residue was further distilled under a reduced 
pressure to give 232 g of 2-methyl-2-adamantyl methacrylate (0.99 mol. an isolation yield of 59 % from 2-adaman- 
tanone) 



Example 5 

[0076] A solution of 2-butyl-2-adamantyl alcoholate was prepared as described in Example 1 , replacing 33 g of butyl 
bromide (0.24 mol) for ethyl bromide, and it was reacted with methacryloyl chloride as described in Example 1 . After 
maturing the reaction, to the reaction solution were added 1 0 g of methanol and 1 6 g of a 1 0 wt% aqueous solution of 
sodium hydroxide while maintaining a temperature below 10 °C. After stirring for 1 hour, the organic layer was sepa- 
rated. The organic layer was washed with a 1 0 wt% aqueous solution of sodium hydroxide. 

[0077] After evaporating the solvent in vacuo, the residue was further distilled under a reduced pressure to give 22 
g of 2-butyl-2-adamantyl methacrylate (an isolation yield of 40 % from 2-adamantanone). 

Example 6 



[0078] A reaction was conducted as described in Example 1 , replacing 22 g (0.24 mol) of acryloyl chloride for meth- 
acryloyl chloride. After maturing the reaction, work-up was conducted as described in Example 1 . Distillation under a 
reduced pressure gave 21 g of 2-ethyl-2-adamantyl acrylate (an isolation yield of 48 % from 2-adamantanone). 

Example 7 



[0079] In 2500 mL of tetrahydrofuran was dissolved 250 g (1 .67 mol) of 2-adamantanone, and then to the mixture 
was added 237 g (1.67 mol) of methyl iodide. The solution was cooled to -10 °C. While maintaining a temperature 
below -10 °C, lithium metal was added portionwise (initially several portions of 1 g; 23.3 g in total, 3.33 gram atom, 1 .0 
equivalent). After visually confirming that lithium metal had disappeared, the reaction solution was added to 170 g of 
methacryloyl chloride (1 .63 mol), and the mixture was warmed to room temperature. 

[0080] Then, after confirming adequate completion of the reaction by GC, the reaction was stopped by adding 1 00 
mL of a 0.1 wt% solution of sodium hydroxide in methanol, and to the mixture was then added 2500 mL of hexane 
The organic layer was washed with a 5 wt% aqueous solution of sodium hydroxide and a 20 wt% saline. After adding 
0.2 g of phenothiazine as a polymerization inhibitor, the solvent was evaporated in vacuo. The residue was dissolved 
in 200 mL of chloroform, and the solution was poured into 2000 mL of methanol. The insoluble (22 g) was removed 
by filtration, and the filtrate was evaporated in vacuo. The residue was further distilled under a reduced pressure to 
give 200 g of 2-methyl-2-adamantyl methacrylate (0.85 mol, an isolation yield of 51 % from 2-adamantanone) 



Example 8 



[0081] In 30 mL of tetrahydrofuran was dissolved 30 g (0.2 mol) of 2-adamantanone, and to the solution was then 
added 24 g (0.22 mol) of ethyl bromide. While vigorously stirring the solution and maintaining a solution temperature 
below 30 °C, lithium metal was added portionwise (initially, several portions of 0.1 g; 2.5 g in total, 0.36 gram atom 
0.82 equivalent). After visually confirming that lithium metal had disappeared, the reaction solution was added to 21 q 
(0.2 mol) of methacryloyl chloride. 

[0082] After confirming completion of the reaction by GC, to the solution were added 30 mL of methanol and 3 mL 
of a 5 wt% aqueous solution of sodium hydroxide, and then the mixture was stirred at room temperature for 1 hour for 
stopping the reaction. Then, the organic layer containing a desired product was separated and evaporated in vacuo 
To the residue was added 200 mL of hexane, and the solution was washed with a 10 % aqueous solution of sodium 
hydroxide and a 20 % saline. After evaporating hexane in vacuo, a crude product was obtained. To the crude product 
were added 0.3 g of phenothiazine and 3 g of diethylene glycol. The mixture was distilled under a reduced pressure 
to give 17.3 g of 2-ethyl-2-adamantyl methacrylate (0.07 mol, an isolation yield of 35 % from 2-adamantanone) with a 
purify of 95.3 %. ' 



Example 9 

[0083] In 3500 mL of tetrahydrofuran was dissolved 390 g (2.6 mol) of 2-adamantanone, and to the solution was 
then added 303 g (2.8 mol) of ethyl bromide. While vigorously stirring the solution and maintaining a temperature below 
50 °C, lithium metal was added portionwise (initially, several portions of 2 g and then several portions of 5 g- 36 g in 
total, 5.1 gram atom, 0.98 equivalent). The solution was stirred at room temperature overnight. After confirming that 
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lithium metal had disappeared, to the solution was added 0.05 g of phenothiazine and the resulting solution was added 
to 279 g (2.7 mol) of methacryloyl chloride. 

[0084] After confirming completion of the reaction by GC, to the solution were added 10 mL of methanol, 10 mL of 
a 5 wt% aqueous solution of sodium hydroxide and then 2000 mL of hexane. The mixture was washed with a 5 wt% 
aqueous solution of sodium hydroxide and a 20 wt% saline. After evaporating the organic solvent in vacuo, to the 
residue was added 2000 mL of methanol. The insoluble (18 g) was removed by filtration and methanol in the filtrate 
was evaporated in vacuo. To the residue was added 2000 mL of hexane. The insoluble was removed by filtration and 
hexane in the filtrate was evaporated in vacuo. To the residue was added a seed crystal of 2-ethyl-2-adamantyl meth- 
acrylate. After leaving it overnight, crystals formed were collected by filtration. 

[0085] The crystals were again dissolved in hexane. To the solution was added 30 g of activated charcoal and then 
the mixture was stirred. The mixture was filtered through a pad of Celite to remove activated charcoal, and hexane in 
the filtrate was evaporated in vacuo. 

[0086] The residue was recrystallized from hexane to give 55 g of 2-ethyl-2-adamantyi methacrylate (0.22 mol, an 
isolation yield of 8.5 % from 2-adamantanone). The crystals were 99.1 % pure as determined by GC. 

Example 10 

[0087] In 2500 mL of tetrahydrofuran was dissolved 250 g (1 .67 mol) of 2-adamantanone, and to the solution was 
added 237 g (1 .67 mol) of methyl iodide. The solution was cooled to below -10 °C. To the solution was added lithium 
metal (initially several portions of about 1 g; 23.3 g in total, 3.33 gram atom, 1.0 equivalent) while maintaining a tem- 
perature below -10 °C by cooling. 

[0088] After visually confirming that lithium metal had disappeared, to the reaction solution was added 170 g (1 .63 
mol) of methacryloyl chloride, and the reaction solution was warmed to room temperature. 

[0089] After confirming adequate completion of the reaction by GC, the reaction was stopped by adding 1 00 mL of 
a 0.1% solution of sodium hydroxide in methanol, and then to the mixture was added 2500 mL of hexane. The mixture 
was then washed with a 5% aqueous solution of sodium hydroxide and a 20 % saline. After adding 0.2 g of phenothiazine 
as a polymerization inhibitor, the solvent was evaporated in vacuo. The residual crude product was dissolved in 200 
mL of chloroform. The solution was poured into 2000 mL of methanol. After removing the insoluble (5.1 g), the solvent 
was evaporated in vacuo. The residue was further distilled under a reduced pressure to give 200 g of 2-methyl-2-ad- 
amantyl methacrylate (0.85 mo!, an isolation yield of 51 % from 2-adamantanone). 

Comparative Example 1 

[0090] To 20 mL of freshly distilled ether was added 0.7 g of lithium metal (0.1 gram atom). To the stirred mixture at 
room temperature was slowly added dropwise 7.8g (0.05 mol) of ethyl iodide. The solution gradually began refluxing 
and was cooled to room temperature after completion of addition. The solution was added dropwise a solution of 
2-adamantanone (4 g) in freshly distilled tetrahydrofuran (20 ml), and the mixture was stirred at room temperature. 
[0091] GC analysis did not detect 2-ethyl-2-adamantanol. If lithium 2-ethyl-2-adamantyl alcoholate was formed, GC 
would detect 2-ethyl-2-adamantanol. It was thus indicated that lithium 2-ethyl-2-adamantyl alcoholate was not formed 
in this comparative example. 

[0092] In this comparative example, the reaction probably did not proceed because an yield of ethyl lithium in the 
first step was too low. Thus, the reaction would proceed by, for example, increasing an yield of ethyl lithium using an 
increased amount of lithium metal. However, excessive use of lithium metal is not only undesirable in terms of a cost 
but also leads to a problem that an excessive lithium must be removed before esterification for avoiding the problems 
described above. 

Comparative Example 2 

[0093] To 5 mL of ether was added 3.7 g (0.15 gram atom) of magnesium. To the mixture was added dropwise a 
solution of ethyl iodide (30 g, 0.19 mol) in ether (30 mL). The solution of ethylmagnesium iodide thus prepared was 
added dropwise to a solution of 2-adamantanone (20 g, 0.13 mol) in tetrahydrofuran (100 ml), and the mixture was 
stirred at room temperature overnight. GC analysis indicated that reduction products, i. e., 2-adamantanol and 2-ethyl- 
2-adamantanol were formed in 75 % and 25 %, respectively. 

[0094] To the resulting reaction solution was added 15.8 g (0.15 mol) of methacryloyl chloride. Then, the mixture 
was reacted and purified as described in Example 1 to give 32 of a liquid. GC analysis of the liquid indicated the desired 
2-ethyl-2-adamantyl methacrylate with a peak area of 20 % and a byproduct 2-adamantyl methacrylate with a peak 
area of 70 %. These compounds, however, could not be substantially isolated from the liquid. 



Comparative Example 3 
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[0095] In 200 mL of toluene was dissolved 1 4 g of 2-adamantanone (0.093 mol). To the mixture at room temperature 
was added dropwise 100 mL of a 0.95 mol/L solution of triethylaluminum in toluene (0.095 mol). Since GC indicated 
that the reaction did not proceed, the reaction solution was gradually warmed, during which effervescence was observed 
from about 20 °C to about 40 °C. The mixture was heated to 80 °C and was then stirred for 2 hours. GC analysis 
indicated only 2-adamantanol, a reduction product of 2-adamantanone. A peak 2-ethyl-2-adamantanol derived from 
lithium 2-ethyl-2-adamantyl alcoholate was not detected. 



Claims 

1 . A process for preparing an 2-alkyl-2-adamantyl ester comprising the steps of combining a solution or suspension 
of 2-adamantanone and an alkyl halide with lithium metal for reacting them to generate an lithium 2-alkyl-2-ada- 
mantyl alcoholate, and then reacting the lithium 2-afkyl-2-adamantyl alcoholate with an acid halide. 

2. The process for preparing an 2-alkyl-2-adamantyl ester as claimed in Claim 1 wherein the reaction initiated by 
combining a solution or suspension of 2-adamantanone and an alkyl halide with lithium metal is conducted by 
adding the solution or suspension of 2-adamantanone and an alkyl halide to lithium metal. 

3. The process for preparing an 2-alkyl-2-adamantyl ester as claimed in Claim 1 wherein 2 gram atom or less of 
lithium metal is used per 1 mole of 2-adamantanone in the reaction initiated by combining a solution or suspension 
of 2-adamantanone and an alkyl halide with lithium metal. 

4. The process for preparing an 2-alkyl-2-adamantyl ester as claimed in Claim 1 wherein the reaction of the lithium 
2-alkyl-2-adamantyl alcoholate with the acid halide is conducted by adding a solution of the lithium 2-alkyl-2-ada- 
mantyl alcoholate to the acid halide. 

5. The process for preparing an 2-alkyl-2-adamantyl ester as claimed in Claim 1 wherein the alkyl halide comprises 
alkyl having 1 to 6 carbon atoms and the acid halide is a (meth)acryloyl halide. 

6. The process for preparing an 2-alkyl-2-adamantyl ester as claimed in Claim 5 wherein the alkyl is ethyl. 
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